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The  oultivnted  anap'lrugoii  (Antirr/iinum  maj L.)  is  a 
perennial  or  biennial  un'lcr  culture.     It  in  a  menber  of  the  family 
ocrophulariaceae .    The  plunt  Aaa  introduced  here  from  j.urope.  j\n 
an  escape  from  girdena,  it  isj  rare  in  New  ifin^^land.     The  anapdragon 
hag  been  a  popular  jjarden  flower  for  two  hundred  years ,  but  it  is 
only  iA'itlun  the  last  ten  ycurs  that  it  has  been  ^Tomi  to  aity  extent 

s  a  greenhouse  crop.    There  has  been  an  increasing  demand  for  it  as 
a  cut  flower,  and  consequently  an  increasing  amount  of  ^lass  has  been 
devoted  to  its  culture.     As  a  florist's  crop,  the  snapdrat^on  may  be 
clasaeA  as  about  eTual  in  import'ince  to  miguonettei  schir.aiithus. 
stocks,  pansieg,  and  primulis  (Nehrlinp;,  IQl'l),  varying: ,  of  course, 
i)i  different  localities. 

The  high  prices  paid  induced  the  growers  to  propagate  for 
the  best  colored  blossoms  and  the  best  formed  spikes,  and  only  slight 
attention  vvas  paid  to  the  susceptibility  of  the  plants  to  disease. 
Increasei  and  intensive  cultiv  . tion  set  us  to  have  weakened  this 
once  hardy  plaiit,  for  it  iy  now  affected  severely  by  at  least  three 
fun^:ou9  diseases  and  one  physiological  disease.    The  diseases  of 
snapdra^-on  other  than  the  rufjt,  are  anthracnoae  or  leaf  spot,  caused 
by  Golletotricliuro  untiri-iiini   jte.vurt,  nteta  rot  caused  by  J^hoBja  ap. 
and  a  physiological  trouble  characterised  by  a  curling  and  puckering 
of  tlie  leives.     A  rjeptoria  diseaise  occurs  on  snapdrsit-on  in  Europe 
but  not  in  this  country.     Hu'st  i'i  the  most  serious  of  the  snap- 
'Ira^on  diseases  under  glass,  but,  according  to  tlie  observation  of  the 
writer,  anthraouo^e  is  a  more  serious  disease  than  rust  on  plants 
growji  outdoon.     The  stem  rot  and  anthracnose  of  snapdrat'ons  are 


described  by  Jtewart,   (1900).     Imrpgtie'ition  of  this  ru:3t  hao  been 
uiidert'iken  because  of  tiie  economic  imriortrnice  of  the  disea^ie,  and 
because  there  was  so  little  infomrttioii  concerning;  it  available  to 
the  growers,     jluat  causes  losg  in  at  leust  three  ways.    A  spike  of 
fsnapdra^ion  olo'j'oras  is  useful  only  ..jien  it  is  beautiful,  and  the  rm3t 
pustules  ou  leaves  atid  stems  considerably  mar  the  appearance,  and  hence 
leB<?en  the  value  of  otherwise  salable  spikes.     An  attuck  of  run  im- 
pairs the  vitality  of  the  host  plunt,  atid  results  in  smaller  flowers 
and  shorter  spikes  th:m  the  normal.     In  t^evere  caoes,  the  stems  and 
branches  are  cirdled,  causing  the  death  of  the  riant.    Bo  figures  are 
available  as  to  the  actual  laonctary  loss  caused  by  this  disease. 

II.  H13T0RY  AND  DioTHlBUTIOM 
This  disease  v/as  found  in  California  in  1897  (Dietfl  1897). 
In  1913,  it  appeared  in  Illinois,  and  in  1914  it  was  found  in  Ohio 
and  Indiana  (Rees  1914).    By  1915,  the  rust  was  well  established  in 
New  Kngland,  both  out  of  doors  and  under  (jl^ss.    The  writer  has  seen 
the  disease  in  i^aine,  He.  i  Hampshire,  I-^asachusetts .  ^thode  Island  and 
Connecticut.     In  1916,  it  was  reported  fron  CfUelph  and  liontreal,  Canada. 
Apparently,  8napdrri<\^^on  rust  is  very  generally  distributed  over  the 
Northern  part  of  the  United  vHates  wherever  the  plant  is  forced  for 
commercicl  purposes.     Apparently  it  does  not  occur  in  the  British  Isles 
nor  on  the  continent  of  Kuropc.   (Letter  to  tne  writer  from  l:r.  F. 
Chittenden  of  the  Koyal  Horticultural  3odety'3  otaff,  191b). 

^  ^  ^  ACK  MO  nXr'lDG  Fl.r^  NT .     The  writer  vishes  to  exprea;j  his  appreciation  for 
nelpful  sugfreitiOMS  and  criticims  received  from  Irof.  A.  V.  osmun,  of 
}.a3r=;achu8etts  Agricultural  Colietje  and  Or.  o.  it. Butler  of  !Iew  jTanpshire 
Agricultur  al  j^xperiment  station,  under  .vhose  direction  the  work  was 
carried  on* 
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III.  :jYi  ITOMS 

Snap'lrseon  rust  may  ocriur  on  plants  of  all  apefj,  from 
8eedling3  juBt  beginning  to  ahov/  folia^^e  le-tves  up  to  rafiture  blossoming 
plants.     A  severely  att  :.cked  fluap'ir-:«;on  has  a  noat  dejected  appearance; 
the  le- vea  aang  lirap  -i)id  vilted  a3  if  the  plant  hud  been  deprived  of 
water,  the  flowers  open  snnll  a>id  preioaturely  and  le  ves  and  stems 
benr  chocolate-brown  powdery  pustules,  each  edited  by  a  yellowish  ring. 
Leaf  blades,  petioles,  stena,  and  calycco  ;  re  attacked,     in  the  early 
stages  on  the  under  side  of  the  leaves  appe-ir  swollen  yellow  p&t4hes 
just  inside  the  epidermis.    These  yellov*  patches  are  1-7  inns,  in  di- 
ameter.   At  this  time,  the  leaf  laay  curl  8lit;htly.    About  forty-eight 
hours  after  these  yello".»iqh  patches  first  appear,  the  epideririis  is 
ruptured  exposing  brown  powdery  xaasiies  beneath.     These  uredosori,  as 
the  bro-.ni  niasses  -/.re  called,  have  bet'n  described  as  being  usually 
circularly  grouped  (Clinton  191i3),  but  according  to  the  'vriter'a  ob- 
servation, circular  grouping  is  not  a  dependuble  characteristic.  On 
the  upper  surface  of  the  affected  leTvea  are  yellow  splotches,  corres- 
ponding in  position  to  the  uredosori  beneath.    The  spore  powder  in  the 
uredosori  i^  in  an  iagglutinate  oon'lition,  at  first,  but  after  a  few 
days^  it  becomes  dry  -iiid  dusty  und  easily  blo-vn  about. 

The  ring  of  ruptured  epidermis  surrounding  a  uredosorus  is 
sooji  concealed  by  this  brown  spore  powder.     Usually  the  lower  le;  ves 
of  the  plunt  are  most  affected.     The  sori  un  the  stem  are  much  elongated 
Here,  the  ruptured  eridermis  xz  more  noticeable  than  on  the  leuves. 
ooTi  on  the  ^tem  usuilly  ociur  at  the  ba-se  of  a  petiole  or  at  the 
crotch  of  two  branches  or  any  place  where  water  may  stand.     These  sori 
sometimes  girdle  the  stera,  in  which  case  the  plmit  wilts  or  dies.  It 
is  not  especially  comi/jon,  however,  for  snapdrai^on  runt  to  caune  the 
death  of  the  host  plant.    The  teleutosori  are  bl'ick,  not  brown.  They 


are  leathery,  not  povvdery,  anii  rnu'st  be  aoraped  off  if  they  are  to  be 
removed.  They  are  considerably  more  comr'ion  on  the  stems  than  on  the 
leaves  but  are  not  numerous  anyv/here. 

The  disease  occurs  at  nil  seasons  of  the  year  but  is  most 
srrious  and  raost  co'ispicuous  in  tae  gre^-Jihouse  duriJig  April  and  Kay. 
IV.   GAU3AL  OnCAHUJU 
1.  Uorpholo^^ 

3napdrat;on  ru'^t  is  caused  by  the  fungus  ^  ucciiiia  antirrhini 
Diet.  5:.  llolw.     It  was  named  by  Dietal  (1897)  from  laaterial  collected 
by  Blasdale  at  i^erkeley.  California.    Two  types  of  spores  are  known 
in  the  life  cycle  of  the  fuJigus;  vi::.,  urediniosporcs  and  teliospores. 

(a)  .  ryceliUBi 

The  Btyceliura  of  the  funtjus  occurs  chiefly  between  the  spongy 
parenchyma  cells  of  the  le-^f  and  between  the  cortex  cells  of  the  stem. 
It  is  more  abundant  in  the  leaf  than  in  the  stern.     It  is  colorless* 
sept >tA  and  branches  profusely,     it  is  intercellular  and  provided  with 
haustoria  (7ig.  4  Hate  2.)  The  hauntoria  are  constricted  at  the  point 
of  entrance  to  the  cell.      ;ithin»  they  becane  broader  and  vase  shaped 
or  bear  short  knob*like  branches.     A  dilute  solution  of  eosin  makea 
the  haustoria  easily  visible. 

(b)  .  Uredijii osjpore  .tif.e. 

A  cross  section  throu^^h  an  infected  Idaf  reveals  beneath  each 

<3oru8  a  stroma  of  interwoven  iqycelium.   (Figs.  1  aiid  5.  Hate  2.)  This 
itroina  underlies  the  whole  soruj  an'J  extends  in  a  ring  around  its  edge. 
i''rom  this  stroma,  the  spore  bearing  hyphae  arise.     The  urediniosporcs 
are  spherical  to  elliptical.     They  are  22  to  30  microns  in  length,  and  • 
21  to  2;>  microns  in  diameter.     They  vre  borne  on  pedicels  of  varying 
length  from  which  they  become  detached  at  maturity.     The  urediniospores 
are  light  bro-.vn  in  color.     Their  walls  are  provided  with  short  spiujs. 


The  uredlnia  are  chocolite  brown  in  color,  never  bluck.     They  are  not 

sutiken.     They  are  confluent  with  age* 

(c).  Teliogpore  utatie. 

ihe  teliojjpores  -ire  36  to  50  inicronq  in  length  and  17  to  26 

y 

microns  in  diameter.    These  sporeg  vary  greatly  in  shape.   (Pie*  2, 
riate  2.)    The  apex  may  be  sharply  pointed,  rounded,  or  truncate;  the 
bo^e  is  u3U!illy  attenuated  but  roay  be  roujided  off  bluntly.    There  is 
a  sliiht  constriction  at  the  septum.    The  epispores  are  dark  browu 
to  black,  and  the  wall  is  smooth,  pos3ea!3ing  no  such  spines  as  occur 
on  the  uredo^poreB.    Each  of  t>ie  two  cells  of  the  teliospore  48  pro- 
vided with  a  germ  pore,  which  is  apical  in  the  terminal  cell,  and 
occurs  juot  belov  the  qeptura  in  the  basal  cell.     The  telia  are  black 
and  hard  or  leathery.     They  arc  slifjhtly  smaller  than  the  uredinia. 
They  occur  more  frequently  on  the  fitcm  than  on  the  leaves,  and  are 
usually  somewhat  sunken,  v;ith  the  i*uptured  cuticle  projecting  above 
them.     The  teliospores  are  sometimes  bortte  in  the  same  sorus  as  the 
urediniospores,  but  the  telia  may  be  distinguished  macroscopically  by 
their  bl-icker  uppe-  ranCe  and  harder  structure. 

2.  Occurrence  of  opore  Utiiges* 
Urediniospores  occur  at  all  times  on  the  diseased  snapdragons. 
In  the  greenhouse,  these  are  normally  the  only  type  of  spores  produced. 
Teliospores  occur  only  rarely  in  New  Kngland.    l^saxy  infected  plants 
bear  only  urediniosporea,  even  on  the  advent  of  killing  frosts.  uccasioM- 
ally,  teliospores  may  be  found  outdoors  in  November,  occurring  more  often 
on  the  stems  than  on  the  le-jves.     In  November,  the  writer  placed  snap- 
dragons  bearing  uredinia  iji  wire  baskets,  and  allowed  them  to  wintev  over 
out  of  doors  in  this  way.    Examination  the  following  }jlarch  showed  only 
one  telium  on  all  the  material. 
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111  the  grecnhouae  there  1q  no  lo;yering  of  temperature  to 
stimulote  the  formation  of  tello^pores.     But  their  forras^tion  is  stim- 
ulated if  the  ?i03t  plant  dries  out  very  slowly,     if  the  plants  are  sud- 
diently  dried  out,  no  teliospores  are  fonaed.  but  when  greenhouse 
plants  wore  very  gradually  deprived  of  water,  teliospores  v/ere  formed 
in  five  weeks.     Under  normal  conditions  of  culture,  v»e  eliminate 
the  teliospore  as  a  factor  in  the  grec^uhouse.     Ho  greenhouse  snap- 
dragons seon  by  the  writer  sho'.ved  teliospores  except  those  plants 
upon  v/hich  this  part  of  the  experiment  was  performed. 

3.  Spore  Cemintition  and  Infection  }':xperiraent8. 

(a)  Temperature  relations. 

The  first  attempts  made  to  germinate  these  spores  were  not 

uniformly  successful.     As  it  proved  later,     this  v/as  because  the  room 
temper^sture  was  above  their  maximum  temperature  for  germination.  The 
method  by  which  the  minimum,  optlmum«and  maximum    temperatures  for  tl-ie 
germination  of  these  spores  was  determined  is  here  described. 

The  spores  used  were  removed  from  infected  leaves  by  a 
Qtrevjn  of  «ater  from  a  pipette.     I)j  this  -vay ,  only  nature  spores  were 
obtained,  while  scraping  with  a  brusli  or  .70oden  inetruiaent  would 
also  detach  youn^,  imr  ature  spores.     The  spores  were  shebeen  in  dis- 
tilled water  until  they  were  uniformly  distributed  through  it.  Drops 
of  this  water  containing  the  spores  v^ere  tlien  placed  on  clean  slide9« 
and  the  latter  were  placed  on  culture  plate  benches  in  moist  chambers. 
These  were  then  placed  in  biological  incubators  at  constant  temperatures. 
A^out  twelve  hours  later,  the  germinated  and  uiigerminated  spores  were 
counted,    host  of  the  spores  germinated,  "lowevcr,  in  five  to  eight 
houB.     Throiif^hout  these  tests  it  was  noticeable  that  no  spores  iu  the 
interior  of  the  drop  ever  germinated.     Only  those  spores  in  contact  .vith 
the  air  as  well  as  the  wjter  germinated,  so  spores  in  the  interior  of 


Spore  Germination  -  Temperature  Curve 


the  drop  were  not  counted  aa  present.     This  acrotropigm  was  not 
further  investigated.     Throughout  t)ie  test"?,  one  lot  of  spores  was 
alwayg  run  at  10  degrees  C.     The  pcrcentao,e  of  genaination  at  10 
degrees  C  was  taken  as  a  standard,  rained  to  100,  and  the  other  per- 
centages at  the  different  tenper-jitures  raised  proportionately.  This 
was  dojie  in  order  to  brint;  the  data  into  shiipe  for  plottintj  a  constant 
curve  of  temperature  and  c<^rraination. 

The  optimum  temperature  for  the  genaination  of  the  uredinio- 
spores  of  r.  Antirrhini  was  found  to  be  10  degrees  C,  the  minimum 
5  degrees  C,  and  the  maximum  20  degrees  C.     '/hen  the  data  is  plotted, 
a  ourve  is  obtained  that  is  ne-irly  syiar'ietrical.    A  most  striking  fact 
is  that  if  the  temperature  is  varied  two  degrees  G.  above  or  below 
the  optimum,  the  gemin-ition  falls  off  50  per  cent.     In  the  foilowitig 
table  each  relative  gexnination  is  the  jaean  of  five  experiments. 

TABLE  1.     aelitive  GermiJintioj?  of  Urediniospores  of  Tuocinia 
•antirrhini  compared  to  the  Gprininution  at 
10  degrees  G,  taken  -as  100. 


6°C. 

1°C. 

8°C. 

90c. 

10°C. 

llOO. 

120C. 

14  OC, 

I50C. 

lOOC. 

20Oc. 

30OC. 

0 

0 

27 

13 

50 

100 

145 

21 

0 

17.5 

2.5 

0 

0 

0 

0 

0 

35 

30 

100 

42 

15 

12 

13 

0 

0 

0 

I 

4 

7 

37 

50 

100 

9 

32 

0 

0 

0 

1 

0 

0 

0 

4 

12 

100 

14 

16 

42 

6 

1.5 

0 

0 

1 

4 

21 

30 

100 

72 

2 

1 

1 

0 

0 

0 

3 

100 

22 

.5 

0 

0 

0 

0 

100 

1 

0 

0 

0 

2 

100 

0 

0 

0 

(b)  Gonditiois  Affecting  Longevity  of  Urediniospores. 

The  spores  used  in  the  previously  described  germination  tests 

were  taken  frish  from  growing  T^lants  in  morst  cases.     It  was  noticeable 
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thit  their  ▼lability  gradually  diminished  if  the  leaves  dried  out  long 

in  the  room.    To  determi«ie  the  loiifjevity  of  urediniosporea*  rusted 

shoots  were  removed  from  the  ]pl»i)it8  and  placed  at  temperatures  of  lO^'Q, 

22°C,,  and  O^C.     Half  of  this  material  was  allowed  to  dry  in  open 

boxes  oi)id  half  of  it  was  placed  in  closed  vessels  to  prevent  its  drying 

out.     opores  were  removed  every  seven  days  and  placed  at  their  optimum 

for  germination. 

Ti'iBLE  2.    Kffect  of  Temperature  and  dryint;  on  the  longevity  of 
the  Uredi»jiospores  of  1  <  antirrhini. 


Jtorage 

Temper-  Germination  of  Uredospores  at  end  of 

ature      7  days.  14  days.  21  days.  '28  dayst  35  days.  42  days.  49  days.  56  days. 

-Oryl.  oist  ]3ry}.'oi3t  DryJioi^t  Dry!  oist  DrylLox-zt  Drylioint  DrylAoist  Uryfcoist 

Air  Air    Air  ^Ar  Air    Air  Air  Air    Air  /tir    Air  Air    jxIt  j^ir    .%ir  Air 

Per  cent  Per  Cent  ler  cent  ?er  cent  !er  cent  ier  cent  ter  ce)it  ter  cent 

0°C         55     52       35     35  20      18  12     18       1       10      0        3      0      1        0  0 

10°C        50     52       25     20  20       12  15     15       2        6      0        2      0      1        0  0 

220C        40     50       28     25  15       20  12     15       3        5    0.5       2      0        0      0  0 


hen  this  experiment  jras  benun  -ibout  60  per  cent  of  the  spores 

germinated.    After  remaining  42  days  in  dry  air  no  spores  germinated. 

Spores  in  moist  air  retained  the  power  of  gerniination  49  days.  Exposure 

to  freezing  temperatures  doeo  not  shorten  the  life  of  uredospores.  In 

"outhern  New  liingland  and  southward  the  snapdragon  reiaains  green  through^ 

out  the  winter  if  slightly  protected  by  a  straw  mulch.     in  January*  the 

writer  obtained  urediniospores  from  green  plants  growing  outdoors.  These 

uredospores  germinated.    But  after  tiie  vlants  had  been  dried  three 

weeks  at  room  temperature,  the  spores  no  longer  germinated.  Temperature 

is  of  less  importance  than  drying  in  shortening  the  life  of  urediniospores* 

(c).  Kffect  of  Temperature  on  Infection. 

Twelve  plants  were  sprayed  v/ith  fresh  spores  in  distilled 

water.     Four  plants   vere  placed  at  a  temperature  of  lO^C,  four  at  15*'C, 

and  four  at  18^0.     The  y'l'^mts  used  were  a  susceptible  variety.  Carter's 

link,  but  they  were  free  from  disease  when  selected.     The  plants  re- 
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meined  in  the  above-mentioned  temperatures  twelve  houra,  after  which 
they  were  all  plv-oed  in  the  greenhouse  at  the  sane  temperature.  3eveu 
day*;  lotcr  the  stronata  vrere  visible.    Ten  days  after  inoculation* 
the  uredinia  beRan  to  appear.     One  -iWerk  later  the  number  of  sori  on 
the  plants  was  counted. 

TABLE  3.    Kffect  of  Temperature  on  the  Infection  lov/er  of 
the  Urediniospores  of  i .  antirrhlni 

} lants  inoculated                           [                                Mean  infection  in 
at  Nuiibcr  of  >)ori  per  i  lajit  Relative  Numbers 


10°C. 

2^40 

265 

210 

180 

100.0 

150C. 

9 

6 

15 

20 

7.6 

180C. 

5 

3 

7 

9 

3.5 

Uaising  the  tempejfature  5  to  8  degrees  above  the  optiitura  for 
germination  of  the  fungus  causes  the  amount  of  infection  to  fall  off 
more  than  90 /v. 

Aa  a  further  test  of  tiie  effect  of  teraperature  on  infection 
of  snapdragons  by  f ucoinia  antirrhini,  plants  of  a  susceptible  v-tiriety 
were  inoculated  in  two  different  greenhouses,  having  a  nig}it  temperature  ' 
of  lOOC.  in  one  ca«e,  and  150C.  in  the  other,  fifteen  days  after  inocula- 
tion* the  plants  in  the  greenhouse  at  15°0.  bore  an  average  number  of  12 
uredinia.     At  the  same  time,  the  plants  in  the  house  ;at  IQOC  were  only 
10?^  as  badly  rusted  as  the  i)lo.nt3  in  the  house  at  50  degrees  V. 

As  indicated  by  the  results  with  } .  antirrhini.  the  rusts 
are  able  to  germinate  benL  at  mther  lo.v  temneratures.    A  consideration 
of  the  literature  also  supports  this  view,    i^rikson  (1895)  discovered 
that  lov  tempci-atures  are  suit  ble  to  the  germination  of  rust  spores.  i 
He  found  that  the  spores  of  Aecidium  Berberidis  germinate  best  when 
cooled  for  seven  hours  to  Z^C.,  and  that  the  spores  of  leridermium 


] 
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gtrobl  germinated  heat  when  cooled  for  twenty-four  iooura  at  6.5°C. 

He  found  the  optlioum  tejaperuture  of  Uredo  nluiaarun  to  be  4.50C, 

and  he  found  that  th*  spores  of  Uredo  coronata  germinated  beat  after 

being  cooled  for  sixteen  hours  to  a  temperature  of  -  10©.  In  the  last* 

case*  it  seems  probable  th't.t  he  went  below  the  optiiaum  tempero^ture  and 

that  the  spores  germinated  when  the  temperature  a^uin  rose  to  the  op- 

timuia. 

Howell  (1890}  found  that  the  uredinio spores  of  Qronyc^s 

Trif olii  (Alb.  and  ochw. }  cVint.  germinate  be»>t  between  11  and  1  6 

degrees  C.    They  do  not  germinate  below  7  degrees  U.  nor  above  21  to 

25  degrees  C.    If  the  minimuia,  optimum,  and  maximum  tempert-tures  for 

germination  of  Uroiqyoe a  Trif ollii  are  trtken  aa  7°,  11°,  cJid  21°re8» 

pectively,  this  fungus  has  about  the  name  tenper-xture-germination 

rel?tion  as  does  luocinia  antirrhini»  the  minimum,  optimum,  suid 

maxiraum  tempers  tures  for  gemination  of  uredo  spore  "3  of  ij^  antirrhini 

h?'.ving  been  found  to  be  5?Ti^  10",  and  200C.  respectively. 

(d)  Kxperiments  on  germinotion  of  Teliospores. 

Kixmerous  atte^jpts  to  germinate  teliospores  were  made  with 

fresh  material,  dried  raaberial,  teliospores  produced  under  glass, 
teliospores  produced  outside  and  teliospores  .viutered  over  outside. 
These  germination  tests  were  made  at  7*'0,  \0°Q,  12°e,  and  20°C;  but 
in  no  co.se  did  the  telioa;  ores  gen.-iiuate.    Tliese  spores  had  formed 
in  response  to  the  definite  stimulus  of  cold  or  of  drying.    They  do 
not  germinate  when  first  formed;  they  are  spores  of  regeneration  aiid 
they  may  be  considered  as  requiring  a  rest  period,  like  other  spores 
•which  function  to  carry  fungi  throut^  adverse  conditions.    But  these 
teliospores  did  not  geri-innle  after  the  re  3t  period,  that  is,  after 
passing  the  winter  out  of  doors,  riYien  subjected  to  the  range  of  tempera- 
ture in  which  their  host  nonnally  grown.     It  is  probable  that  they  were 
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cilled  by  the  cold,  not  beliig  able  to  withataiid  the  rigoro  of  the 

fintero  to  v/hich  their  host  has  been  carried. 

The  fact  that  telio spores  do  not  germinate  m.ay  be  explained 
in  onother  way.    The  tcnperature-gcrndnation  curve  for  urediniospores 
is  very  sharp,  a»id  if  teliospores  hove  an  even  narrower  range  of 
terapcrciture  throufih  which  they  can  cerminate,  it  is  poasible  thut  the 
rigHt  temperature  for  germination  has  not  yet  been  hit  upon,  since 
a  variation  a  fev/  degrees  above  or  belov/  the  optimuQ  v/ould  result  iu 
no  i;eruiination* 

Aecording  to  our  present  knowledt^e,  the  telioepores  are  not 
only  rare  but  do  not  geminate.    This  being  the  case*  the  possibility 
of  an  alternate  host  is  eliminated.    But  no  alternate  host  is  necessary 
for  a  fungus  v;hich  p  sscs  the  v/inter  under  gla^jJi.    The  chrysanthemum 
rust  (Puccinia  ohrysanthemi  Roze. )  in  -jnerica  dispenses  with  both  an 
alternate  host  and  teliospores.    Yet  this  rust  ocourn  both  iu  the  green> 
house  and  out  of  doors  and  persists  frora  year  to  yo-ir.    The  parasite 
is  independent  of  the  other  rusts  found  on  nenrly  related  Corapositae, 
just  as  j  uccinia  antlrrhini  is  not  ^  parasite  on  I.inaria,  a  closely 
related  genus  in  the  fanily  Jcrophulariaceae.   (Atkinson  1890).  Cartia- 
tioji  ru!5t  {.  UroiTiyces  cn.yronhylliiius )  has  an  alternate  host  (Euphorbia 
CFrtriiana)  in  iiurope,  (Fischer  1910)  out  it  has  not  been  found  on  an 
alternate  host  in  this  country.     If  the  teliospores  of  } uceinia  antirrhini 
ever  were  functional*  they  seen  uom  to  be  useless.    Vhe  urediniospores 
of  this  fungus  are  sufficient  to  propa,  -ite  it  throu^ih  the  year,  aa  long 
33  greenhouses  in  the  vicinity  shelter  the  host  plajit  during  v/iuter* 
The  uredipionpore  is  a  'jpore  of  dis'seraiiiation.     -jpores  of  regeneration* 
such  as  teliospores  ::,re  not  a  necessity  for  a  fungus  the  host  of  which 
ocGurg  both  under  glass  and  out  of  doors* 
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(e)  Bx^ierinciits  with  Llnaria 

A  theory  h^s  been  advanced  that  snapdragon  rust  rnicht  be 

carried  over  from  yen,r  to  year  on  Linaria  vulgaris.   (Kees  1914}. 

Obaervations  and  experiments  of  tloe  writer  indicate  that  antirrhini 

does  dot  occur  on  Linaria.    The  writer  examined  I.innria  vulgaris  Hill, 

occurring  in  Massachusetts,  Rhode  Island,  Connecticut  and  Near  Harapshire, 

but  on  one  of  these  plants  was  thin  rust  found.     Atteiopts  were  made 

to  infect  Linaria  vulfjaris  and  also  Linaria  Cymbalaria  (l)  Kill,  v.ith 

this  rust  froB  siiapdrsfron?;.    But  these  attenpts  were  never  successful 

on  either  species.    Dr.  atone  of  the  Ontario  Agricultural  College  was 

unable  to  find  the  disease  on  Linaria  vulgaris,  or  to  infect  this 

and  two  other  species  of  Linaria  with  snapdragon  rust.^ 

5.  Dissemnation 

(a)  i3y  cuttings 

onapdragon  ru!3t  is  at  its  height  lu  Baroh,  April,  and  May. 

hany  growers  take  their  cuttings  at  that  time.    There  are  various 

opinions  as  to  the  relative  merits  of  raising  plants  from  seeds  auid 

from  cuttings.    But  nlants  raised  from  cuttings  are  likely  to  come 

true  to  color,  and  in  the  effort  to  preserve  a  good  variety,  raaj^y 

growers  take  rust-free  cuttings  from  a  bench  shov/iTig  rust,  or,  vrorsc 

still,  they  take  cuttings  bearing  spore  pustules,     t^ome  believe  that  if 

the  cuttings  show  no  spore  pustules,  they  are  safe  to  use,  even  thoug}i 

they  come  from  an  infected  bench.    The  writer  propagated  platits  by 

cuttings  bearing  uredosori  and  by  cuttings  bearing  no  sori,  though 

taken  from  an  infected  bench.    The  result  is  shov;n  in  the  f *).l0'.vliig 

table. 


I.  Letter  received  from  i)r.  d  ii  otone,  October,  1916. 
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TaBL"'  4.    Digserain-ition  (bf  I'uociJiia  aiitirrhiui  by  CattinfeS. 


;iu8t  freti  outtiii^s  from  an  infected 

bench* 

Variety.  Nurober 

of 

Cuttings  made 

Number  of  Cuttings 

runted  rj.ftei-  three  v/eeks 

10 

G 

Giant  liose 

10 

4 

ffiant  ocarlet 

12 

3 

Crimson  and  Gold 

10 

2 

ti>i{;!?  3eoriMc  3ori  when 

'  ade 

Var  i  e  ty .            Numb  e  r 

of 

Outtins^  l-''ide 

yuraber  of  Cuttinijs  siiow- 
itig  rust  after  three  weeks 

Giant  Dark  3carlet 

20 

20 

Hephaetos  Red 

20 

20 

liosy  Honi 

24 

24 

ocarlet 

20 

20 

It  is  evident  tliat  a  cutting  bearing  spore  pustules  raay  be 
expected  to  develop  into  a  rusted  plant.    And  even  cuttin^^s  free  from 
spore  pustules  if  taken  from  an  itifeoted  benoh  serve  to  aid  in  the 
diascraination  of  the  fungus.     ?-'icro3copic  exaraincution  of  the  leaf  sur- 
faces of  these  apparently  healthy  cuttin^^s  revealed  numerous  uredosporee 
which  had  blown  there  from  diseased  plant*.    These  spores  need  only 
the  favor^ible  conditions  of  the  cutting  bench  to  cuuse  them  to  germinate 
and  begin  on  infection,     it  is  advisuble  to  take  cuttings  from  a  house 
showinK  rust. 

(bj  Disseitiinati on  by  Ijisectn 

Three  insects  often  found  on  snapdragon  are  the  white  fly 

(Aleyrodes  vaporarium) .  the  red  spider  (Tetranychua  t>e^,£ixii22)  >  and  the 

common  aphid  (Aphis  ^ossyr.ii).    With  the  binocular  microscope,  the 

writer  examined  these  insects  on  snapdratjon  foliage.    They  happened  to 
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be  oil  he2.1thy  plants,  but  there  v/ere  ruoted  plants  in  the  same  bench. 

On  the  1)odiea  of  nearly  all  these  in.Tects  vvere  the  fresh  and  mature  uredo- 

spores  of  luccinia  antirrhini.  ^hi^  in  itself  is  sufficient  proof  of 

the  importance  of  greenhouse  insects  in  the  spread  of  t}\i:i  disease,  iu 

passing'  it  raay  be  mentioned  t}iat  the  snapdracon  is  one  of  tlie  most 

susceptible  plants  to  the  toxic  effect  of  Jlydrocyanic  acid  gas,  and 

this  iraportBut  fumigant  must  be  used  with  great  caution,  especially 

when  the  snapdragotis  are  young. 

(c)  Dis  :eiuinatiou  by  •^'ateriitg 

Carnation  grov^ers  no  longer  vvoter  overhead.    'Dvcy  make  an 

effort  not  t  '  wot  the  f olin.f^e  any  more  than  is  necessary,  usually 
employin.f?  a  long,  stiff  piece  of  hose  or  pipe  ivhioh  en-^bles  them  to 
get  water  in  the  rrddlle  of  the  bench    ithou^   /ettin^:  the  plants  above, 
this  simple  cultural  method  toay  be  largely  credited  for  the  decline  iu 
importance  of  carnation  rust.     It  is  a  hint  to  growers  of  ajiapdragona. 
The  writer  selected  twenty  snapdragon  plonts  of  the  saine  variety  all 
showing  uredosori  in  approximately  eo.ual  nuniber-s.    '£en  of  these  plents 
were  watered  only  on  the  soil,  no  water  touctiing  the  foliaj^  .    The  other 
ten  v/ere  tre  ted  the  same,  except  that  their  foliage  was  kept  wet. 
After  three  weeks,  the  plants  with  wetted  foliage  sliowed  200^  the  number 
of  uredosori  they  had  at  the  begin>iing,  while  the  plants,  the  foliage  . 
of  which  had  been  kept  dry,  showed  no  increase  in  t}ie  number  of  sori. 
'■/ater  is  necessary  for  t?ie  gerraination  of  a  spore  and  a  germ  tube  does 
not  enter  a  dry  lenf.     A  careless  3trea.M  from  a  hose  loosens  spores 
from  a  pustule,  cai'ries  then  to  other  plants,  and  provides  them  with 
the  tiecessary  moisture  for  gTminntion.    "he  snapdragon  is  native  of  a 
dry  hubitat;  it  will  flourish  on  a  rocky  bank,  and  over-watering  of  the 
soil  merely  lefids  to  an  over-sutur^ition  of  t?ie  atmosphere,  and  the  in- 
creased moisture  is  usually  followed  by  an  increased  number  of  infections. 


Crowdlng  the  T)Laiits  ucn.TeT  together  than  10        12  inches  in  the 
bench  meauR  th^t  lean  licht  and  air  reaches  the  lo.ver  le  ves,  more 
water  stnida  there,  and  luore  infcotiona  result* 

V.  rAT'IOLfXJICVL  A!5AT01iY 
The  upper  efilerraia  of '  the  leaf  and  the  palisade  oellB  are 
very  rarely  affected  by  this  disease.     Occasionally,  a  few  palisade 
cells  are  forced  apart  by  J-iyphae.     The  spontiy  parenohynia  cells  are, 
hcvevcr,  affected.    These  parejichyraa  cells  in  the  ijoiaediute  vicinity 
of  a  ?5orus  do  not  attuin  taeir  nor^ial  size,     iitrands  of  hypnae  force 
thera  apart,  and  soroetiraes  caune  them  to  £jrow  in  abuonaal  forms.  The 
chloropliists  fade  slightly  but  the  yellow  appearand^  of  the  area 
surrounding  a  sorus  is  due  mostly  to  the  presence  of  a  stroma  of 
mycelium.     After  ti\e  intercellular  mycelium  has  become  well  established 
it  develops  this  firm  stroma  in  coTitaut  .¥ith  tiie  lower  epidermis  and 
often  include:?  scattered  spongy  parenohyraa  cells.   (3ee  S'ig.  5,  Plate  2) 
This  growinit  stroma  and  the  risipg  pedicels  of  the  uredospores  finally 
rupture  the  epidennis.     The  contents  of  cells  cont-iining  hauatoria 
do  not  degenerate  unless  the  whole  leaf  >ia8  become  involved.  Attacked 
cells  do  not  swell,  and  any  swelling  onthe  leaf  is  due  to  the  develop- 
mcnt  of  stromata.    Leaf  cells  of  snapdr^Jl^;ons  which  are  normally  piiUc 
lose  this  pigment  when  attacked  by  the  fungus.      .hen  the  sori  occur  on 
the  stein,  the  epidermis  is  ruptured,  the  cortical  cells   ire  forced 
apart,  and  in  severe  cases  tiic  t-iyoeliura  may  ae  foujul  between  the  cells 
of  the  f ibro-vascular  bundles.     Ordinarily,  ho.?evcr,  cells  as  far  in 
as  the  phloem  are  not  attacked.     The  chloroplasts  fade  even  less  in  the 
stem  than  in  the  leaves.     The  cortex  cells  attacked  do  not  attain  their 
Morm-il  sise.    iOpidermal  cells  appear  unohaiij^ed,  tliout^h  raised  as  a  mem- 
brane above  a  sorus.    lycelium  in  both  leaf  and  stem  is  local. 
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VI.     VAIU.5TAL  3U3GJ«3*fI3ILITY 
Florists  usually  ferow  only  a  few  variotiea  af  snupdratjon, 
such  as  Nelroee,  Jilver  rink,  Phelps  Vhite,  etc.     But  gardeners  who 
grow  majiy  varieties  outdoors  soon  notice  th-it  soiue  varieties  ai-e 
attacked  "by  rust  much  ir.ore  severely  t^ian  are  others.     It  has  been 
rccoririended  tiiat  only  rcoiutant  vririctics  be  (jroisfii,  but  there  seems 
to  be  no  list  of  resistant  or  susceptible  Varieties  available.  To 
learn  v;?i-tL  are  the  resistant  and  what  are  the  susceptible  varieties* 
the  writer  grevf  forty-seven  varieties  from  seed.     The  seeds  were  ob- 
taiJied  from  A.  T.  Bod'iington  of  !:evv  York,  A,  &  J.  l^arquhar  6.  Co.  of 
Boston,  and  Carter  of  London.     This  work  was  carried  on  in  the  winters 
of  1915-1916  and  1916-1917.    The  seeds  gerriinuted  fairly  uniformly 
if  not  pl-nited  too  deeply,  and  when  the  potted  plajits  had  reached  a 
height  of  about  five  inches,  they  were  inoculated  and  placed  under  bell 
jars  at  lOOC. 

Two  weeks  after  the  date  of  inoculation,  the  affected  plants 
were  exajnined  and  the  nulober  of  rust  pustules  and  affected  leaves  %vere 
counte^l.    The  diseased  plants  .vcre  examined  at  weekly  intervals  for 
the  »!ext  five  weeks,  atid  observations  recorde  d  as  to  the  number  of 
rust  pustules  and  affected  le  ve3.     In  the  folio  vijig  t  /ble  of  «el-itive 
!{e3istance,  the  most  resistant  varieties  are  n'lmed  fir^t,  and  the 
most  susceptible  are  named  lust,  the  intermediate  varieties  being  so 
arranged  tiiat  ajiy  variety  is  more  resistant  than  those  which  follow  it. 
Varieties  equilly  resistajit  or  3U3ce{)tiole  are  connected  by  brackets, 
^■ach  variety  tested  was  represented  by  twelve  or  twenty  individuals. 

oince  varietal  names  are  not  very  well  fixed,  the  color  of 
the  blossom  and  the  height  of  the  plant  is  given  in  nost  cases  as  an 
aid  in  identifying  the  v^^rietles. 
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TABLK  5.    ielative  resistance  of  AMtirrhinun  Varieties  to  Jucaiiiia 

Autirrhini . 


Variety  Name  Color  of  j31o3Boro  Hei(-ht  of  llant  i:umbcr3)  


(diucen  of  the  North 

white 

o 

¥t. 

! 

(ture  ;/hite 

^ir'hite 

Q 

i]i. 

) 

) 
) 
) 
) 
) 
) 

S 

(Hose  Dore 

Salmon  roac 

p 

ft. 

T 

(Giant  ^ite 

Vhite 

2 

ft. 

(CriiQBon 

Crimson 

'•> 

ft. 

(Giant  Blood  i\ed 

j^lood  red 

n 

ft. 

i 

) 
) 
) 
) 
) 
) 

R 

(uiant  Yellow 

Leraon  yellow 

2 

ft. 

0 

S 

(otriped  Varieties 

V5.riecated 

2 

ft. 

s 

(Hephaetos 

i^ed  and  ypllov7 

2 

ft. 

I 

(^help's  /hite 

White 

2 

ft. 

i 

s 

(siueen  Victoria 

vmite 

o 

ft. 

i 

T 

(^iueen  Victoria 

Crimson  and  (^old 

ft. 

A 

(Fire  bruud 

Scarlet 

15 

to 

la 

) 
) 
) 
) 

N 

)Bride3maid 

v/hite  atid  pink 

2 

ft. 

T 

(Kont  Blaiic 

vmite 

10 

in. 

Scarlet 

Scarlet 

15 

to 

10  in. 

9 

Giant  Jlcarlet 

Scarlet 

2 

ft. 

16 

tw^l'f   d'.varf  Opfl'iiiep 

10 

i?i. 

i 

{ 
) 
( 
) 

(Giatit  Garnet 
(Giant  i^ose  link 

Garnet 
Hose  pink 

2 
n 

ft. 
ft. 

23 

Uosy  I  orn 

jirifjht  rose 

I'j 

to 

10  in. 

30 

Giant  Dark  Scarlet 

Dark  (icarlot 

2 

ft. 

37 

Half  J:)warf  firebrand 

ScTlet 

12 

to 

15  in. 

44 
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iAJJJLli  5  (continued) 


Variety  Name 


Color  of  Bloasora 


!jca,le 

Height  of  riant     (Uelrttivc  ilunbera ) 


(Nplroae 
) 

(Gilver  1  ink 


Brif-ht  'jilvrry  rose 
Bright  pink 


(Carter's  Butterfly 
) 

(Orange  King 

(Black  Prince 

Half  Dwarf  Daphne 

Bronze  :,,uee« 

Deep  Crimgon 

(Hose 
) 

(Coral  Hed 
(Giant  link 
Niobe 


U  (Half  Dwarf  :io3e 

0  (  -„ueGn 
3  (Fairy  ^ueen 
T  ) 

(Ruby 

i Carter* 5  Tink 

U  JBelicate  •iose 
{ 

G  (Half  Dwarf  Golden 

K  )  vueon 

P  (yiery  Belt 

T  ) 

1  ('^uecn  Victoria 

^  ! 

L  (Sulphur  Yellow 
K  ) 

(Venus 

) 

(C&rter's  Gold  OreBt  link  and  salnon 
) 

(Chaunois  ijalnon  pink 


Crime on 
Orajige  3c;s.rlet 
Deep  crimson 
Fi)jk 

.ted  and  white 
Deep  criiaaon 
Hoay  pink 
Corul  rod 
Jink 

Crimson  and  v/hite 

;\0  36 

Orange  and  white 
•iuby  red 
rink 

Yellow 

Orange  scarlet 
Deep  Criraaou 
julphur  yellow 
>ink  and  wiiite 


2  ft. 

2  ft. 

2  ft. 
15  to  10  in. 

2  ft. 
I'j  to  18  in. 
15  to  10  in. 

2  ft. 

2  ft. 

2  ft. 

2  ft. 
15  to  IfJ  in. 
15  to  IB  in. 

2  ft. 
lb  to  10  in. 

2  ft. 

3  ft. 
lU  in. 

2  ft. 
2  ft. 
a  in. 
2  ft. 
2  ft. 
2  ft. 


51 

50 

65 
72 
79 

86 

93 


100 
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Thia  table  sliowg  that  vurictu.!  resiatniice  follows  no  rules 

of  color  of  !3lof330Jn  or  size  of  mature  -nlant.     Unfortunately  the  raoat 

valuable  pink  vyrifties  nuch  as  Nelrose  and   :ilvGr  link  are  not  at  all 

resistant  to  tlie  rust.     The  above  table  is  perhaps  of  no  Kreut  value 

to  florist!5,  ffjr  they  murjt  (jrow  the  virioties  moat  in  deraani.    But  the 

table  mgy  be  used  as  a  bagiq  in  brer  ding  reai«tant  vtrieties,  and  io  of 

some  use  to  outdoor  gardener:!,  ^or  t3iey  can  avoid  the  more  susceptible 

v^)rietie<5,  and  still  have  a  ^satisfactTry  garden  of  snapdr'/gons. 

(a)  Cause  of  'Resistance 

.'Resistance  of  plants  to  disease  has  been  Bxplaiued  in  two 

general  ?<ays.     Resistance  nay  be  regcirded  wi  bciui;  related  vath  certain 
morphological  characteristics.     Cobb  (1892)  considex'ed  resistance  to 
fungus  disease  as  being  due  to  sraall  stouata,  waxy  coating,  and  thick 
cuticle  on  the  host.    Freeiaau  (1911)  found  that  increase  in  bloorii  on 
barley  le  ves  made  the  plant  nore  resistant  to  rust.    Valleau  (1910) 
studied  resistance  of  pluns  to  brovm  rot,  and  found  resistance  to  be 
due  to  the  production  of  parenchymitous  plugs  which  fill  the  stoiaatal 
cavity  -snd  to  leuticels  composed  of  cork  cells  through  vvhich  the  hyphae 
cannot  penetr-ite.     On  the  other  hand,  resistance  'larj  often  been  re- 
garded as  due  not  to  morphological  characteristics  but  raLiier  to  pl-iysi- 
ological  differences.    Biley  (1900)  attributed  resistance  to  chemical 
^>genoie8  such  as  toxins  which  arise  as  a  result  of  the  funjius  attack 
upon  the  host.     Vhese  few  citations  frjra  the  extensive  literature  ou 
this  subject  illustrate  the  t'.vo  vievnjas  to  ru3t  resistance. 

The  vsork  doHB  by  the  writer  indic>.'.tes  thr^t  the  resistance 
of  some  varieties  of  snapdr-it  ox  to  ru  ;t  is  due  to  morpholotjical  charac- 
teristics rather  thaji  to  pl^aiological  differences. 

The  relative  susceptibility  of  forty-eight  different  varieties 
of  snapdragon  to  rust  has  already  been  <'iveju    The  plants  inoculated 
developed  sori,  some  in  large  numbers,  and  some  in  small  nuiabers.  Uut 
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ou  both  resistant  and  auacoiDti'ble  plants,  the  Borl  were  developed 
in  the  sarae  leji(»th  rjf  tine,  and  there  was  no  apparent  difference 
in  the  vieor  of  the  sori  after  Viej  hud  once  broken  through  the  epider- 
mis,    'i'hig  aeeno  to  in!iicH.te  that  five  difference  in  guaoeptibility 
is  not  due  to  ohemicjl  factors  within  the  Uoat  cell,  but  rather  to 
meclianical  factors  preventing  infection.    The  not3t  susceptible  plant 
is  tiie  one  infected  in  tlie  iiost  places,  that,  the  otie  into  which  the 
most  germ  tubes  enter. 

Infection  is  always  throufi)i  the  storaata  in  the  case  of 
3  uocinia  g.ntirrhini  OJi  SJiapdr'a^jon  foliage.    Urediniospores  in  distilled 
vnter  were  sprayed  on  living  leaves,  and  eitjht  hours  later  the  leaf 
sarfaces  tiere  examined  microscopically.     This  was  done  repeatedly, 
:)ut  at  no  time  was  infection  seen  to  occur  anywhere  except  throu^ 
the  atoraata.     The  plants  used  '.vere  placed  in  both  licJit  and  darkness 
A'ith  stomata  both  open  and  closed,    fir  geria  tubes  were  protruded, 
'.vr>.j»dered  about  slifihtly,  and  then  bent  i)ito  the  ncarcnt  stoma,  or, 
if  the  water  on  the  leif  dried  too  soon,  they  shriveled  up  and  never 
reached  a  stoma.    But  no  {rcrra  tubes  v/cre  scon  penetrating  the  walls 
of  the  epidermal  cells. 

The  rayceliuE  .vithin  the  ICiC  i'-i  locol,  therefore  tlie  number 
of  oori  on  a  le'-f  depends  on  the  iiuiaber  of  infections,  ajid  since  in- 
fection is  only  through  the  stonata,  it  is  interestin^j  to  determine 
the  connection  between  the  number  of  uredosori  (the  index  of  relative 
susceptibility)  2Jid  the  number  of  stomata. 

Le  r/es  were  t  ..ken  from  three  months  old  snapdrii-ous  of  sus- 
ceptible ojid  resistant  varieties.    The  Jiuraber  of  otonata  on  the  upper 
eiiidermis  per  unit  area  of  loaf  v/as  counted.     In  each  cafse,  teu  count- 
ings go  to  make  up  tJie  average  piven  for  each  v-.riety.    Ten  susceptible 


and  ten  reaiqtant  varirties  were  used. 

TABLK  6.     Relative  Number  of  jtomata  on  ouaceptiole  and  Ueaistant 
Varieties  of  3napdrat  on 

Number  of  otomata  per  Unit  <ireu  of  JLeaf . 
ouscettible  Varieties  Resistant  Varieties 


3.1  Utoraita  1.5  3toraata 

4.1  1.5 
6.0  2.0 
2.0  1.0 
6.0  1.3 
3.3  1.6 
3.0  1.1 
2.8  1.7 
5.0  1.1 

3.2  1.8 


The  averages  of  these  figures  show  that  there  ure  3.25  stoinata 
on  the  susc-ptible  varieties  to  1.4G  stoiiata  on  the  re!3istant  varieties. 
Or,  stated  differently,  the  resi'itant  v-srieties  hsive  only  Ab  per  cent 

many  stomata  as  do  the  susceptible  v-;.rieties.    The  susceptible 
varieties  showed  approximately  200^  as  many  uredinia  as  did  the  resis^ 
tant  varieties.     This  would  indicate  that  susceptibility  is  directly 
proportional  to  the  number  of  storoata.     Thut  is,  doubling  the  number  of 
stoinata,  doubles  the  number  of  uredosorl  or  the  amount  of  infection* 
However,  such  a  relation  ia  relative  rather  than  absolute. 

This  explanation  of  resistance  is  not  very  different  from 
Valleau's  explanation  of  the  resistance  of  plvuns  to  iiifection  by  the 
brown  rot  fungus.    He  found  that  the  plun  having  the  most  unplugged 
stoinata  or  luiplugged  lenticels  was  riost  susceptible,  just  as  the  snap* 
dragon  having  the  most  storaata  is  moat  susceptible  to  infection  by 
J  uccinia  aiitirrhini. 

It  may  be  added  that  the  stomata  on  resistant  and  susceptible 
varieties  are  present  in  the  same  numerio'il  relation  if  both  upper 
■ind  lower  epidermis  are  considered,    "jim  figures  in  Table  2  are  for 
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the  upper  eridermls  only,  because  ojijjt'  to  the  faot  t)vxt  little  water 
clings  to  the  lo.ver  epidermis,  infection  ia  nof^tly  throut;h  the  upper 
epidermis* 

The  stoma  is  the  gateway  throujiii  which  the  parasite  enters. 
The  fewer  storaata  tJiere  are,  the  fev/er  infections  there  will  be,  ujid 
the  plunt  will  appear  correapondintily  resistant. 

VII.  GONTKOL 
1.  Laboratory  Toxicity  Testa. 
In  rtii  the  toxlcological  experiments,  the  general  method 
tvas  that  of  Reddiok  and  Jallace  (1910).    The  fuiit^icldes  uaed  In 
these  toxicity  testa  were  prepared  by  Dr.  0.  R.  Butler.    Glas!3  alidee 
vcre  cleaned  in  potas'iium  bichromate  cleaning  solution,  rinsed  in 
distilled  v/ater,  and  dried  between  filter  papers.    The  solution,  the 
toxicity  of  wjnich  was  to  be  tested,  v/as  sprayed  on  the  slide  by  means 
of  an  antoraizer,  and  the  slides  were  the)i  dried.    :fre3h  urediniosporea 
,vere  removed  from  living  le-ivea  by  means  of  a  stream  of  water  from 
a  pipette.    These  spores  were  shaken  up  in  distilled  vra ter,  dropa  of 
which  were  then  placed  on  the  sprayed  and  dried  elides,  uud  also  on 
other  unsprayed  slides,  used  as  checks.    TJiis  QUive  conditions  similar 
tp  those  the  spores  meet  on  sprayed  and  unoprayed  leives.    The  spores 
vere  present  in  the  dropa  in  large  enouj^h  numbers  to  be  easily  visible 
to  the  naked  eye.     .'he  slides  bearing  the  spores  were  then  placed  ou 
culture  plate  benchea  in  moist  cliambera,  r.nd  these  were  placed  at  lOOC, 
the  optimum  temperature  for  the  germination  of  the  urediniospores  of 
lucclnia  antlrrhinl.    Here,  they  vere  allowed  to  remain  for  at  least 
twelve  hours,  at  the  end  of  vvliioh  tin»,  the  dropa  -vere  examined,  the 
spores  counted,  and  the  percentage  of  spores  gemiTiating  were  determined. 


If  there  waa  no  gonaiuition  on  the  check  (the  uncprayed  '^lide8)  the 

results  on  the  sprayed  slides  were  of  course  diooarded.    At  least 

three  tests  were  made  with  each  strength  of  solution,    stronger  and 

weaker  solutions  were  used,  but  only  dilutions  ne^r  the  limit  of 

toxicity  *ere  given  in  the  t;j.bles. 

(a)  Copper  sulphate  ( 

Tests  were  made  .vith  copper  sulphate  iu  dilutions  ranging 

from  .0039  per  cent  copper  to  .25  per  cent  cop]jer.    The  toxicity 

of  copper  sulphate  to  the  urediniospores  is  shown  in  the  tollovjing 

table. 

TABLK  7.    I'ffeot  of  Various  Utrengths  of  Copper  Sulphate  on 
the  Germination  of  Uredo spores. 

Per  cent  Germinat  iou 

Copper  iel'^Ltive  to  Check  -  100  Iteraarks  

.25  Ho  germination 

.125  5 

.0625  5 

.0312  12 

.0159  18 

.C079  14 

.0039  24 

Copper  sulpliate  \.reyent9  gerrainabion  of  the  uredlniospores 

of        suitirrhini  at  a  stretigth  of  solution  of     .25/i  copper.  Uelhus 

(191b)  found  copper  sulphate  toxio  to  the  spores  of  J  hytophthora 

inf estans  when  the  solution  contained  .0157;^  copper.    The  Uredinales 

y  re  evidently  much  more  resistant  to  copper  than  are  the  lrt\ycostycetes . 

Toxicity  of  Oopper  iiulphate  to  Foliage  of  Snapdraton. 

The  pl-uita  were  sprayed  with  copper  sulphate  solutions  con- 

tr^ining  from  .*25  to  .0312;;  copper.    The  plunts  were  dried  slowly, 

that  is  they  were  allowed  to  remain  six  hours  in  a  moist  ohanber  after 

spraying. 


Mean  of  three  experiments 


n        It           n  n 

n        n           n  ■ 

fi        H           n  n 
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M         n           II  n 
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TABLB  8.    Toxicity  of  Copper  Sulphate  3pr'iy  to  the  Foliaee 
of  3)iapdro^;oii. 


!  er  cent  Coprter  Injury  to  i^olia^e 


.25  jHarlcerily  injured 
.125  "  " 

.0625  31it^htly  iijured 

.0312  Ni  injury 


To  prevent  germination  of  urediniospores,  the  copper  sulphate 

j-'lution  laust  contain  ,25%  copper.    But  thio  aiaount  of  copper  proves 

to  be  toxic  to  the  folia<;e  of  the  hosjt.  Copper  sulphate  cannot  be 

used  as,  coTitrol  of  snapdragon  rust. 

(c)  Cuprsmrnionium  sulphate  (l^uu  celeste) 

Cuprainnioniura  sjulphate,  Cu  ^©4.  4  IIH3.  HoO.  on  drying  gives 

rise  to  basic  copper  sulphate  which  on  furtiier  weathering  passes  to 

copper  sulphate.     In  these  toxicity  tests  it  was  used  in  streni^ths 

of  solution  containing  from  0.0312;'  to  0,5Qf^  copper  sulphate. 

TABLE  9.  Kffect  of  Various  otrenctha  of  Cupraiun(»niuia  :Sulphate 
on  the  Germination  of  the  Uredospores. 


ler  cent                    GeminutioM :  (el-itive 
Copper  to  Check  A  100  I^emarks 


0.1300  No  GerTai>i-:',tiou  Hean  of  three  experiments 

0.0650  -            n  ••«••« 

0.0325  4  «       «         H  » 

0.01G2  22  «       «         «  • 

0.079  45  «       «         .1  • 

A  solution  of  cupruinrnonium  ^lulph'te  containing;  .0625;^  copper 
prevents  germinalion  of  urediniospores  of  i.  antirrhini.  The  toxicity 
of  this  solution  to  the  foli-:<£e  of  onapdrui^on  was  tested  as  in  the 
case  of  copper  sulphate,     oolutions  cont-iining  .25;.^  and  .125>  copper 
injured  tiie  foliage  markedly •  and  a  solution  containing  .0625^  copper 
produced  sliglit  ij|ury.     Cupraninonium  sulphate  ut  the  streiigth  toxic  to 
the  parasite  is  ii^urious  to  tlie  host  plajit. 
'  Other  copper  salts  .vere  not  tested,  for  Kelhus  (1915)  has 


.25« 

found  cupric  sulphate  {  ;u  3O4.  5  H2O)}  cupric  nitrate  (Cu  HgO); 

cupric  acGtote  (Cu  Cg  H-j  Og  •  H2O)  I  cupric  chloride  (Cu  Cl2'  ^^2^) 

to  be  about  equally  toxic  if  they  conl-iin  the  a«a!ie  awounts  of  the  toxic 

principle,  cop-ner. 

(d)C Hamraond' 8  Copper  oolution. 

HaniR)ond*8  OopT  c-r  tjolution  is  a  coii^!  ercial  preparation  whicb 

hag  been  used  by  f loriote  in  the  attempt  to  control  earn  tion  rust. 

^'his  stock  solution  was  analysed  by  Ur.  Smith,  assistant  chemist  at 

the  Mew  itaiiipshire  Experiment  Jtation,  and  found  to  contain  0.0180  gias. 

copper  in  1  cc.  of  solution.     The  makers  reconi:  end  tiiat  it  be  applied 

Ht  the  rate  of  one  quart  of  the  stock  solution  to  twenty-five  gallons 

of  w'iter,  that,  is  in  u  solution  containing  .018;?  copper,    its  toxicity 

at  various  strengths  to  the  uredospores  of  Puccinia  antirrhini  mid.  of 

Uromyces  Caryophyllinus  was  tea  ed. 

TABLE  10.  i'ffrct  of  Various  .;tretM;th8  of  HoEuiond's  Copper  :]olutiou 
on  the  GeriniTmtion  of  the  'redospores* 

Strength  jf  Solution.    Germi»v  tion  iiel  ;tive 

Jdr  Cent  Copper  to  Check  ~  100  iteraarks  

0.18  5 

0.144  8 

0.12  19 

0.C72  18 

0.036  17 

0.014  40 

0.018  72 

it  is  evideiit  thit  }Taia:iond*s  Coprrr  Solution*  even  when  used 
t  ten  tiiaes  the  recoio;  .ended  streitgtli,  does  not  prevent  {{errainatiou  of 
uredospores  of  > .  antirrhini.  its  action  on  carnition  rujt  was  also 
tested,  and  ;.;t  the  rocoiomended  strength  it  v/ais  not  toxic,  the  gemination 
of  the  uredospores  of  IK_  Caryophyllinus  rel.-^tive  to  check  -  100,  being 
56. 


liean  of  tliree  experiments 
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(e)  r^ordeaux  I'ixture. 

The  Bordeaux  mixture  used  contained  copper  sulphate  and 

calcitun  oxide  in  the  approximate  rotio  of  1:0,3,  that  ia,  calcixira 

oxide  was  ad  led  to  slight  alkalinity.     This  fomula  .vas  used  for 

the  s'ike  of  convenience,  but  tlie  si/Jie  results  v/ould  -le  obtained 

with  any  current  fonaula,   for  trie  unit  copper  is  equally  toxic  in 

acid,  neutral,  and  alkaline  Bordeaux  ruixtures  (Butler,  1915).  Vhis 

:'ordeaux  raixture  used  in  the  teits  was  diluted  to  varioua  strengths 

so  as  to  contain  the  followine  percentaces  of  copper  sulphate: 

.0156;^,  .0312:^,   .0625;J,  .125;^,   .25;S,  .50^,  1^,  2>$,  and  4,i. 


TAViLS  11.    Kffect  of  Various  Jtrengths  of  Bordeaux  mixture, 
1:0.3,  on  t'le  G  cmi>i:j.tion  of  the  Uredospores  of 
1  .  antirrhini. 


.trencth  ot 

oolution 

Oenai>rition 

I er  cent  Cop: 

er    er  cent  Copper 

Relative  to 

Sulphate 

Check  -  100 

!leiaark8 

4.00 

1.00 

24 

!.'enn 

of  tliree 

experimeiits 
• 

2.00 

0.50 

25 

If 

n  n 

1.00 

0,25 

15 

« 

n  ii 

m 

0.50 

0.125 

32 

n 

(I 

■ 

0.25 

0.0625 

33 

rt 

•4  N 

m 

0.125 

0.0312 

23 

i» 

«  n 

n 

0.C625 

0.01:39 

20 

M 

"  one 

m 

0.0312 

0.rC79 

20 

"  three 

N 

0.C156 

0.0C39 

40 

II 

II  n 

n 

The  urediniospores  of        antirrhini  were  able  to  j^erminate 


in  all  the  strengths  of  Bordeaux  laixture  employed.     They  germinated  as 
readily  in  the  mixture  cont4ini)ig  l/«  Cu.  as  in  the  mixture  contaiiiitig 
0.0039>  Cu.    There  was  a  10;^  difference  in  favor  of  tJie  weaker  mixture, 
but  this  hag  no  significunce  when  we  consider  the  irregular  fluutuatious 
shoT/n  by  the  intei-raediate  strengths.     It  is  proba.ile  that  at  the  lesser 
strengths,  the  spr-j.yed  3lide  or  le-if  offers  the  Jiaxiiaum  surface  of 
solute  to  the  solvent.    An  increased  strength,  as  1,J  copper,  means  that 
the  particles  on  the  slide  or  le-jf  merely  overlap  each  other,  and 
do  not  offer  nn  increased  surfj^ce  proportional  to  the  added  amount  of 
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'jubstance.     Having  found  a  certain  3tre»itrth  of  Bordeaux  mixture  non- 
toxic to  the  uredoBpores,  increasjing  the  strength  of  the  mixture  results 
in  no  toxic  effect. 

To  confirm  the  results  of  the  toxicity  testQ  of  i^ordeaux 
mixture  gjjainst  i  ucoinia  antirrhini.  anapdratjon  plunts  were  isprayed 
v/ith  liordeaux  mixture  1:0.3  containing  1;^  copper  sulphate.    All  the 
plants  used  in  this  experiment  were  of  the  sante  vuriety.    These  sprayed 
pl-jnts  were  allowed  to  dry,  and  then  they  and  other  plants  not  sprayed 
vere  inoculated  with  snapdragon  rufjt,  the  spores  bei>ii^  applied  to  the 
plant  in  distilled  water  by  means  of  an  atomizer.    All  inoculated  plants 
both  sprayed  and  unsprayed*  were  then  Aaoed  for  t-velve  hours  in  an  in- 
cubator at  10  deforces  G.    The  plants  :»ere  then  placed  together  in  a 
greetihouse  under  the  some  conditions.  Fifteen  days  after  inoculation* 
the  sprayed  and  unsprayed  plants  which  had  been  inoculated  were  examine^ 
•ind  the  uredosori  breaking  out  through  the  lea  ves  were  counted.  The 
sprayed  nlants  showed,  oji  the  avera^je,  ti70  hvmdred  sori  each,  wjiile  the 
unsprayed  plonts  showed  on  the  aver?if;e  two  hundred  and  ten  sori  each. 
'Hiat  is,  there  was  an  approximately  equal  nuiabcr  of  ru3t  puatules  on 
the  sprayed  and  unsprayed  plunts .    Snapdra^ron  plants  sprayed  with  Bor- 
deaux mixture  bear  as  much  rust  us  those  not  sprayed,  and  -Bordeaux 
liiixture  can  not  be  recommended  for  the  control  of  ijuupdragou  rust. 

Continuing:  the  study  of  tiie  toxicity  of  Bordeaux  mixture 
tomr^mbers  of  the  Uredinales,  the  Writer  tested  its  effect  on  the  gennl- 
!»3tion  of  the  uredospores  of  carnnlion  ruf3t,  Drorayces  Jaryophyllinus. 
It  is  realized  that  growers  do  not  often  spray  for  carnitioji  ru'it  now, 
being  able  to  control  this  disease  by  cultural  methods  and  varietal 
selection.    But  Bordeaux  mixture  has  often  been  recommended  for  the 
control  of  carnation  rust.     Bordeaux  mixture  1:0.3  was  used  in  these 
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teats  in  varioua  strengths  so  as  to  cout-iin  '^»5fi,  2;!,,  and  ^'^ 

copper  sulphate.     The  raethod  employed  wan  the  aarie  as  thit  described 
for       atitirrhini .  except  that  the  apores  «ere  n^rrainated  at  14 
the  optimum  f-erraination  temperature  of  the  uredospores  of  lij5_  Caryo- 
phyllinua.  These  uredospores,  like  those  of        aiitirrhiui«  gpirainated 
only  vjhen  in  co>itact  with  both  air  and  w.iter»  spores  in  the  interior 
of  the  drop  of  water  never  gex'minating. 

Bordeaux  mixture  is  not  tosic  to  the  spores  of  liroiaycea 
Caryophylli7iu8  which  indicates  that  the  behavior  of  the  urediniosipores 
of  Ij^  antirrhini  toward  this  fun^^icide  is  not  exceptional*     If  car- 
nation plants  sprayed  v/ith  Bordeaux  mixture  failed  to  rust*  it  must 
have  been  due  to  other  adverse  conditions  such  as  temperature,  which 
prevented  infection* 

It  would  appear  from  data  obtained  by  the  investigators 

and  also  from  results  here  reported  that  the  Uredinales  are  much  nore 

tolerant  of  copper  than  are  the  Fhyoomycetes.    lielhus  (1915)  found 

Bordeaux  mixture  toxic  to  rhytophthora  inf cgtana  at  .0039;'  copper 

sulphate,  but  the  r/ritcr  did  not  find  jJordeaux  mixture  toxic  to  the 

two  raenbern  of  Uredinales  studied  at        copper  sulphate,     it  may  be 

that  the  thick  wall  of  the  spores  of  the  Uredinales  is  the  protection, 

or  it  m^y  be  that  the  spore  secretes  some  chemical  substance  which 

prevejits  the  copper  in  the  Bordeaux  mixture  from  goinc  into  solution* 

{€)  Miscellaneous* 

The  literature  contains  numerous  references  to  the  use  of 

copper  solutions  as  a  control  of  diseases  produced  by  members  of  the 
Uredinales.    But  there  is  a  variance  of  opinion  as  to  the  effective- 
ness of  copper  as  a  control  of  ru!9t  diseases.     The  experiments  per** 
formed  by  earlier  investigators  v/ere  m.stly  of  tho  field  rather  than 
laboratory  type.    Kinney  (1897)  sprayed  carnations  with  Bordeaux 
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mlxture*  and  coticluded  that  this  treatment  did  not  control  the  rust* 
Bailey  and  Lodenan  (1095}  sprayed  camations  with  a  mixture  of  Bor- 
deaux mixture  and  soap.    They  also  used  a  mixture  of  copper  chloride* 
lime,  and  soap.    They  concluded  that  the  co  per  fungicides  were  raost 
efficient  iu  the  control  of  carnation  rust.     :3tewart  (1896)  reoomiaends 
spraying  with  weak  copper  sulphate,  for  the  control  of  carnation  rust* 
The  same  investigator  found  that  the  spores  of  carnation  rust  cau 
gerrcinute  in  a  copper  sulphate  solution  containiiu;  .025;<»  copper  and 
that  they  germinate  sliglitly  iu  copper  sulphate  solutions  containing 
as  much  as  .083/«  <Ju.     He  found  the  spores  unable  to  ^erralnatc  in  1 
to  3000  solution  of  potas^jium  sulfide.     He  fou)td  that  If  copper 
sulphate  was  -pplied  to  cuttings  in  a  solution  stronc  enough  to 
control  the  rust,  the  plants  '<7ere  injured.    He  found  that  -Bordeaux 
mixture  v;ould  not  control  carnation  ru^jt.    lie  rcconneuds  spx-ayiug 
the  carnations  with  a  0.56;'  copper  sulphate  solution  or  with  a 
0.78;'  solution  of  lotascium  sulphide,  1  oz.  to  1  iial.  vater.  Uay« 
nard  (1893)  'ound  Bordeaux  mixture  to  ci'^^e  very  [jood  results  as 
a  control  of  cartiatioji  rust.     '.'/.  3tuart  (1894)  found  that  Uordeaux 
mixture  of  standard  and  half  stroigth  solutions  gave  the  best  re- 
rjults  in  the  control  of  carnation  ru^5t.    Abbey  (1898)  recommends 
Bordeaux  mixture  as  an  efficient  fungicide  in  the  control  of 
chrysanthemum  rust.     Dudley  (1800)  reoontuended  a  saturated  solution 
of  potassium  permanganate  as  a  control  of  hollyhock  ruot.  Citurgis 
(1096)  also  rGcoreraended  pota33iiua  permanganate  for  tiie  control  of 
hollyhock  rurjt.     il.  D.  Halstead  (1097)  sprayed  hollyhooka  -.ith  Bor- 
deaux mixture,  and  found  rust  onall  the  check  plants,  while  but  one 
sprayed  section  showed  ai\y  ru  st.    Paimnel  (1893 )  tried  to  control 
rusts  on  oats  and  wheat  by  spr-aying  .vith  Bordeaux  mixture,  but  found 
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ll o  appreciable  difforeiioe  in  the  aiaount  of  di^eane  on  the  sprayed 
and  un^iprayed  plants.     Hitchcook  ajid  Carleton  (1893)  found  the 
spores  of  i  ucoinla  promlnla  able  to  gerralnate  in  thirty  oheraical 
compounds  of  various  strenfjthg.    They  found  these  spores  unLtble 
to  germinate  in  a  0 *!.<.'  solution  of  the  follo.7i)ig:    mercuric  ahloridef 
copper  aoetcite*  potas-ium  bichromate,  potasslwn  cyanide*  acetic 
acid,  and  sulphuric  acid. 

.»  survey  of  the  literature  on  rust  control  hy  fun^jicides 
is  not  very  helpful,     ^ome  of  the  statements  raade  are  misleading 
and  few  nre  very  convincing,     j^'or  instance,  it  is  liard  to  see  how 
pota3=3iiira  pt^roaneanate  could  be  of  finy  great  value  in  oorabatting  a 
rust,     lotnanium  pemanga»i^.te  destroys  ortranisns  by  oxidir'.in^:  them* 
and  i^*  in  contact  y;ith  oxidisable  :naterisJ.«  it  very  soon  loses  its 
power,  and  would  hence  be  of  no  avail  o^ji.inst  spores  which  subse- 
quently fell  upon  the  spr;!yed  surface,    oome  investigators  found 
Bordeaux  mixture  efficient  njid  some  found  it  inefficient  as  a 
funcicide  for  the  control  of  ru^t.      The  narrow  range  of  temperature 
in  v.hich  the  spores  cm  germinate  may  have  becji  exceeded,  and  the 
credit  for  iio  spores  gemino-tinfj  may  have  been  f^iveji  to  the  fun^^icide 
instead  of  to  a  tciaper-iture  above  the  optimum,  which,  as  we  have 
seen,  reduces  or  prevents  germination.    But  t}ie  literature  cited 
indicates  th'>.t  the  rujts  -ire  very  resistant  to  ooppcx-  solutions  and 
to  fungicides  in  general. 
[c)  oulphur. 

Dusting  v;ith  sulphur  has  been  used  successfully  for 
several  years  as  a  control  of  Iucc;inia  asparaf^i  in  ^alif omit..  But- 
ler (1917)  was  the  first  to  describe  a  sulphur  dunt  control  for  rust 
of  snapdragons.    The  toxicity  of  sulphur  applied  in  water  instead  of 
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as  a  dust  was  first  tested.     Pov/dered  qulphur.  washed  and  freed  of 
3         was  added  to  droprs  of  diotilled  woter  in  svhioh  uredinio!3pores 
of        antirrhini  were  placed.     These  spores  in  water  with  sulphur 
and  spores  in  vv>ter   vithout  sulphur  were  then  placed  at  a  tenperatur* 
of  10 oc.  Subsequent  examination  showed  that  the  spores  in  water 
with  sulphur  geminated  nuite  as  well  as  the  spores  in  writer  with- 
out sulphur. 

TABLK  12,    >;ffect  of  .julphur  in   <s.ter  on  the  Germination  of 
the  Uredospores. 

Germination  J»elative  to  Jiieck  -  100  lieuarks 

100.5  •»*e&n  of  /ive  experiments 

This  result  is  not  surprisints.  for  sulphur  bein^  insoluble 
would  hardly  be  expected  to  have  a  funfjioidal  effect  when  applied 
in  water.    This  result  ai^rees  with  that  of  Helhus  (1915)  who  found 
that  the  spores  of  1  h/toT^hthora  inf cstans  germinated  as  easily  iu 
water  containing  sulphur  as  in  pure  woter. 

Toxicity  of  Dr/  Uulphur  to  Urediiiio spores  of  I^tcoinia  ojitirrhiiil 

jDry  urediniospores  were  placed  on  slides  and  dusted  with 

powdered  sulphur.     These  were  then  placed  in  dessicators  and  placed 

for  three  and  one-half  hours*  rsorae  at  a  tenprrature  of  12  degrees  (J. 

and  some  at  a  tesiperature  of  21  degrees  C.    The'ie  dry  spores  v/hich 

had  been  sulphured  at  the  t'no  different  temper.-itures  were  then 

placed  in  drops  of  distilled  wi.ter,  and  set  uwuy  for  twelve  hours 

at  their  optimum  temperaturd  for  germination,  10  decrees  C.  They 

were  accompanied  by  unsulphured  spores  as  checks.     The  followitig 

table  shows  the  relative  germination  of  the  spores,  including  those 

not  sulphured,  those  sulphured  at  12  degrees  0.,  and  those  sulphured 

at  21  degrees  C. 
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Aprlicatloii  on  the  Ucnalna 

xba  X  eiupG Fabupe  or 

tlon  of  the  Uredosporea. 

Germiiiatloit  of  3porp3  exposed  to  -iulphur 
ISclative  to  Gheok  -  100 

HeriarkB 

210C                            1 20Q 

0  90.1 

Lean  of  ten  experiniRJitB 

bporen  dusted  with  po.vdered  uulphur  and  kept  for  3%  hours 


nt  a  teiaperature  of  21  deg*ee8  C.   (70  det-rcea         do  not  :  e minute* 
Spores  similarly  Ircnted  but  kept  durinc  the  oulpj^urinf-  at  a  lower 
temperature,  12  decrees  G.   (53.6  degrees  7),  germinate  as  .veil  as  mi- 
fjulphured  opores.     sulphur  at  the  lower  temperature  i3  conparativcly 
inert.     But  at  the  higher  tenpcrature,  it  reacts  glov/ly  with  the 
oxygen  of  the  air  to  form  sulphur  dioxide. 

The  previous  experiraent  shov/ed  that  sulphur  as  such  is  »iot 
toxic  to  the  spores  of  this  fu)igus.     it  is  rather  the  uulphur  dioxide 
generated  by  the  e  xponure  of  dry  sulphur  to   /arm  oir  that  is  toxic 
to  the  spores  of  the  fungus.    The  nore  surface  a  substance  exposes, 
the  nore  rapidly  it  reacts  chernioally.     Hence  tlie  necefj-^ity  of  havijig 
finely  -livided,  that  is,  finely  pov/dered,  sulphur  rather  than  coarser 
grade. 

As  a  continuation  of  this  experiraont,  urediniospores  v/ere 
taken  from  snapdragon  plants  which  had  been  dusted  v/ith  powdered 
sulphur  at  ?.  temperature  not  less  thin  70  degrees  F.    'l^hese  plants 
bore  raany  spore  pustules,  and  the  futi^us  v/as  to  all  appearances  vig» 
orous.     -i^ut  these  spores  refused  to  ccrralnate  when  placed  ugijler 
optimisn  conditions  for  germination.    Vhe  results  are  expressed  in 
the  follo.Ting  tvble. 
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TABLE  14.  Germination  of  Urediiii o-jporea  taken  from 
sulphured  plants. 


Gerrainution 

.relative  to  Check  - 

100 

Jpor« 3  from  sulphured 

1  laiita     Jpores  fron 

'nsulphured  riaiita 

0 

100 

(g)  i'uiicln* 

j^unciJie  ia  a  conmerci  '-l  prep-oration  v/hioh  has  been  used  by 


some  growers  in  their  atterapts  to  control  anapdr;ii:on  runt.  As 

stated  by  the  lookers,  it  contains  potaa<3iui:i  poly  sulfide  6;^,  and 

potaaaium  thlo sulphate  4:J.     The  writer  teated  the  toxicity  of  this 

preparation  to  the  spores  of  "UronjL/cea  Car;>'"ophyllinuB  and  of  1  uociuia 

antirrhini.  At  the  various  atren(;tha  tested  and  at  the  strength 

recoHDiiended  by  the  raakera,  *'ungine  proved  toxic  to  tiie  spores  of  both 

of  these  fungi. 

15.  -'.ffect  of  Various  Jtrengths  of  Vunt^iiie  on  the 

Gcmin-ition  of  the  Ureiorsporeo  of     .  antirr}iini  aiid 
of  U.  CaryopJiyllinuij. 

jtrejjgth  of  Solution    Germination  :iel=Ativc  t)  Check  -  100  Henarka 

ler  ceiit  Thioaulfrate    r.  nntirrhini    U.  Caryop'/o'llinu's  Tean  of  4  expcri- 

laents 

0,25  0  0  »        H  n  H 

O.SO  0  0  «  «  « 

1.0  0  0 

Fungine,  though  toxic  to  the  spores  of  these  funcit  has 
certain  disadvaiit-tijea.     It  is  no  ;  ore  efficient  than  powdered  sulphur* 
but  it  coats  more  tha.n  the  sulphur,   ind  the  sulphur  du3t  reaches 
parts  of  the  plant  v/hich  a  li  'uid  apray    ouiri  not.     i''un<;ine  when 
sprayed  ou  a  olide  or  le'jf  has  a  phyaic^il  churaoter  resewbline  a  aoap 
film,  and  this  soapiuesa  makes  it  wash  off  the  Ic-if  too  easily. 
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2.  Temperature  Regulation. 
It  has  berjj  ahowu  that  the  uredinl "Spores  of  J  ucciuia 
antirrhi»l  cannot  germinate  belo^v  5°c.  nor  above  20**o,  and  that  they 
eermlnate  best  tit  10^0  or  bO°}?.     SCy  isj  the  night  temperature  at 
which  the  snapdragon  i3  usually  ,  rov»M  under  glass;  it  in  frerjuently 
grown  in  the  house  with  osrn-.tions.     'A'hiB  tenperaturf^  rrsuits  in 
a  maximum  nmoujtt  of  ru  ;t  on  the  ■s'lapdr-'gon.     'i'he  C  irnatlon,  on  the 
other  hand,  is  ,-jrown  at  a  ni^ht  temperature  of  4ac.  bclov;  its  optimum 
for  germin-ition,  ftind  this  my  in  part  explain  why  carnation  rust  is 
80  much  less  serious  thmx  anapdraijojj  ru3t..     Day  temperatures  of  the 
houses  are  )iot  important  in  tlie  study  of  3nup'ir:itj0n  ruot,  for  those 
ter.peratures  are  always  too  hit;h  for  i-erminatiou  of  tlie  uredospores, 
so  we  may  consider  infection  as  taking  place  only  in  the  night.  If 
growers  would  raise  or  lo-.ver  the  night  temperature  of  the  snapdragou 
house  to  52°1?  or  40°:?,  the  rust  /.-auld  decrease  in  amount  about  50;j. 
i'his  is  ohovini  in  the  constant  cui've  showiuf^  the  relation  betv/ecn 
temperature  an-i  gcxmination.     It  must  be  remembered  that  this 
temperature  chuJige  prevents  infection  and  prevents  tlie  spread  of  the 
disease*  but  it  does  not  kill  the  spores,     ^o  iC  the  tempera '„ure 
•approaches  the  gerraination  optirauja  even  for  a  fo-.v  hours,  the  disease 
my  break  out  aj^ain.     Tise  of  ter-perature  as  a  control  is  furtlier  con- 
sidered under  tre-*traent  with  sulphur.    Growerts  may  object  to  raisiug 
the  temperature  vpry  riuoh  above  50OT?  because  of  the  danger  of  ^)}lortening 
the  blossom  spikes,  but  a  rise  of  ovoi  2'^  or  3^  will  ciieck  the  rust, 
ind  is  no  I  likely  to  dirsinish  the  ^rnlue  of  the  blossaa  spikes. 

3.  v-elcctioji  of  iiesistant  Varieties, 
i'orty-seven  varieties  of  sjiupdracou  have  been  observed  by 
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the  writer  and  tneir  relative  reeiBtaiice  to  j  ucciiiia  a)itirrhiui 
has  been  detemined.     The  most  susceptible  varieties  are  Half  Dwarf, 
iiose  v^een.  Ruby,  Oarter'a  link.  Delicate  '^ose,  Flalf  Dwarf  Golden 
^lUeeji,  Viery  I^lt.  Bridesmaid*  Crimson  iueen  Victoria,  3ulphur  Xellou, 
Venus,  Carter^a  ^old  Crest,  and  Chamois,     it  is  recoraraeirled  that  the 
■ibove  V'lrictieB  be  »iot  grovni  at  all.    The  i.oo^t  resistant  varieties 
•.»re   .,ucfn  of  the  Horth,  lure  ^'hite,  ^ose  Dore,  Olant   -hite.  Crimson, 
Giant  Blood  Hed,  Ciatt  Yellov;,  striped  Varietieo,  llephi.etos,  Ihelpa 

hite,  -^hite   ,.upcn  Victoria,  Firebrand,  pnd  I'ont  Blafjc.     It  is 
reconnended  that  outdoor  gardeners  confine  themselves  principally  to 
these  varieties.    These  varieties,  .while  not  absolutely  resistant, 
'are  the  nearest  approach  to  it  among  snapdragons.     jTlorists  grovj 
only  a  few  varieties  as  a  rule,  notably  Keystone,  ililver  link,  i^uxton^s 
1  help' 8  "hite,  and  Nelrose.    None  of  those  varieties  are  resistant 
but  Ur.  A.  B.  iihaw  (1917)  of  Hew  i3e<ford,  Massachusetts,  writes  that 
Keystone  is  slightly  resistant.     Florists  oan  oo)itrol  this  disease 
less  by  the  selection  of  resistant  varieties  than  can  outdoor  gardeiiers* 
but  it  is  recommended  that  the  florist  propagate  from  reiiistant 
individuals  atid  meanwhile  so.feguard  his  crop  by  the  ^sulphur  treatiaent. 
4.  '{emulation  of  Moisture. 
It  has  been  sho.vn  that  althouf^h  temperature  does  not  kill 
the  uredospores  of  Jj^  a>iti rrltini,  six  weeks  of  drying  does  kill  tliem. 
The  teliospore  may  be  elimin  ted,  and  as  the  uredinioopores  cannot 
germinate  after  six  weeks  of  dryin.'j,  there  ia  no  danger  of  the  disease 
being  transmitted  on  dry  seed.     Also,  it  is  evide»itly  imposf^ible  for 
urediniospores  to  live  from  season  to  season  in  a  greenhouse  if  the 
snapdragons  are  removed  and  the  iiouse  deprived  of  .vater  for  a  period 
of  at  least  eight  weeks.     A  case  of  this  kind  lias  recejitly  come  to 
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the  attention  of  the  writer.     A  house  of  anapJraf^ons  waa  seveaely 
attacked  by  rust  I  <8t  year,    'iliis  year,  mignonette  is  beintr  Qvomi 
in  the  space  occupied  by  last  year's  ruated  snapdra^^ons.     Among  the 
raif-nonette  plants  are  ma>iy  seedling  sirtpdraijons,  the  descendants  of 
the  rusted  slants.    But  thefse  seedlings  are  absolutely  clean  and 
free  from  rust.     Here*  v/e  /lave  a  ease  of  seed  frora  infeuted  plants 
producing  seedliti^js  free  frorc  the  disease,  althouj^h  they  are  crowing 
in  the  space  occupied  by  the  diseased  vl-mt^  the  previous  ye-;jr« 

Apparently,  their  oi'ly  protection  i-j  the  drying  out  of  the 
uredinlosporc!-,, 

5.     Use  -f  7un{.:iede3 
Xhe  coprer  silts  and  cop,  er  mixtures,  the  toxicity  of  vrhich 
to  luccinia  antirrhinl  v/ere  tested,  are  copper  sulphate,  cupraraaoniuia 
sulph'ite  (Kau  celeste),  Bordeaux  mixture  (cupric  sulph^j.te  to  calcium 
oxide  in  the  ratio     of  1  to  0.3  present)  and  Hamrao7»d'3  Copper  Jolutiou* 
It  was  shown  that  iJordeaux  mixture  is  absolutely  useless  for  the 
control  of  this  disease,  for  at  no  strenj^th  auitailo  for  use  on  plants 
does  it  prevent  germination,  and  sprayed  plants  whe)i  inoculated  develop 
quite  as  much  rust  as  plants  similarly  inoculated  but  not  sprayed. 
The  toxic  constituent  of  Bordeaux  nixture  is  copper  sulphate,  and  this 
«eed  alone  laas  a  toxic  effect  on  the  spores  of  Puccinia  antirrhini* 
but  in  -'ordeaux  mixture  this  toxic  eonstitucnt  or  active  principle 
does  not  dissolve  sufficiently  rapidly  to  be  efficient  acainst  either 
1  ucoinia  ;intirrhiTii  or  Urorayces  ;':;aryophy}.linus. 

Copier  sulphate  lolution,  .25/  oop^er,  is  toxic  to  the 
urediniosporcs  of        <».ntirrhini .  But  t3ie  use  of  this  strencth  of 
copper  sulphite  on  3napdi"aL,on  is  precluded  because  of  its  toxic 
pffect  on  the  foliat;e.     v^uprarajaoniura  sulphate   (Kau  celeste)  is  toxic 


to  the  urediniosporcB  of  I_£  antirrhiiti  at  .0625>i  copprr.     33ut  this 
strength  of  Kau  cele^jte  iu  liable  to  result  in  a  toxic  ictiou  to  the 
foli'iLc  of  snapdrvcon,  uJiless  the  foli  i^^e  c^iji  dry  of  '  in  Icsz  thati 
oue  hour.     This  nearly  precludes  the  use  of  auu  celeste  on  thick 
crowded  plants,  for  t)ie  bottom  foliage  \«ould  dry  off  too   slo.vly.  ,\au 
celeste  can  be  used  o)ily  when  the  principle  toxic  to  the  foliiige  caii 
be  volatilized  by  rapid  dryiJijr.     Har.iinond'!5  Oopper  solution  i^  not 
toxic  to  the  uredinio!5poreQ  of  Ij^  antirrhini.  aj'.d  in  therefore  of 
no  ufle  for  the  control  of  snapdragon  ruBt> 
(a)  Duiting 

A  raethod  for  the  control  of  3m,pdracon  rust  by  dusting  the 
plants  with  sulphur  has  been  described  by  Dr.  0.  U.  Butlrr  (1917}. 
Durijig  the  past  winter  (1916-1917)  Jhe  writer  has  inspected,  at 
intervals  of  two  weeks,  greenhouses  of  snapdragon  '.vVdoh  had  been  thus 
treated.     ihei\  the  treatrae)it  bcf^iui,  the  plaiits  werd  in  very  bad  shape* 
Le^ives  and  stems  were  fairly  covered  vjith  rust  pustules,     -^he  fir<5t 
thing  done  vas  to  cut  out  those  shoots  so  badly  infected  as  to  be 
hopeless;  many  of  them  were  girdled  and  dyin^^.     i"he  sulpiiur*  used  was 
obtained  'frora  the  Union  oulphur  Co.,  and  frotu  the  Corona  Chemical  Co. 
i-t  is  po'Adered  finely  enough  to  pass  through  a  sieve  iiaving  40,000 
holes  to  the  3auare  inch.     It  was  applied  with  a  good  bellov/s  that 
filled  the  air  of  the  greenhouse  vvith  iust,  -.yhich  settled  as  a  thin,  ■ 
even  film  on  the  foliage,     "^'or  plants  ten  inches  hif^h,  4  ounces  of  M 
sulphur  were  applied  to  150  square  feet  of  bench.     ^he  sulphuring  was  I 
repeated  at  intervals  of  t.7o  to  three  -.vecks,  as  nece'3  ;itated  by  new  ■ 
^-rowth  of  the  plants.     T^xposed  blos-joias  were  injured  but  there  was  uo  ■ 
injury  to  tlie  le:ives.     ?or  two  days  after  sulphuring,  tlie  night  temperature 
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waa  kept  betv/een  GO  70  degrees  y.     3pore3  from  these  sulphured 

plants  \7ere  tested  from  time  to  tine  and  were  unifomly  unable  to 
germinate.    Vhe  iTiycelium  in  the  plant  remained  alive,  and  oc-icsiom.lV 
produced  new  sori  near  the  old  ones,     iiut  new  infections  .vere 
impossible,  wi  the  spread  of  the  disease  was  checked.     Ine  one 
cose,  oome  young  plunts  V7hich  had  beeji  sulpliured  becaiae  infected 
but  the  explana* ioji  was  noon  found.     They  had  been  growti  since  sul- 
phuring at  a  tetnpefcature  not  over  50  degrees  5.     To  be  successful, 
the  sulphur  must  be  accoiapaiiied  by  sorao  rise  in  temperature. 

(b)  Sprayinf  with  1 olysulphides. 

Fungine,  a  potassium  polysulfide  preparation  is  toxic  to 

the  Uredospores  of  Ij^  atitirrhini.  It  cotitrola  snapdragon  rust,  if 

applied  to  the  plant  frequently,  but  its  use  is  not  recoranended 

for  it  has  no  ?>.dvaiit  )£:e8  over  powdered  sulphur,  s'nile  it  costs  raore, 

and  csnnot  be  opntied  as  thorouclily  as  can  a  dust. 

6.  Review  of  Control  I'easures 

Ifony  of  the  Kporiinents  already  described  contain  suggestions 

as  to  the  Cfj>»trol  of  snapdra^jon  rust.     They  nay  be  sur;ir.ed  up  as  follows: 

k.     There  is  only  very  sli^^ht  chance  of  rust  entering  a  house 

of  the  seeds,     'ihe  uredospores  would  not  live  on  the  seeda.  Teliospores 

-ire  not  forned  till  after  seed  is  harvested,  and  are  of  no  uae  fo  the 

fungus  when  fomed. 

2.  &  house  v/hioh  has  contained  snapdr-'gon  ru3t  should  not  be 
used  for  anapdraeons  the  following  year  if  any  pla)its  have  reiaai)ied 
alivo  durint"  the  ijiterim,    ttor  unless  the  house  has  beejj  dried  out. 

3.  CuttiJi^^s  should  noL  be  t  \ko>!  froni  a  boioh  sho  rust. 

If  such  cuttings  must  be  used,  dust  thera  with  powdered  sulphur,  and 
give  thera  a  high  teraperriture  a  few  ni^jhts. 
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A.  'Jelect  varieties  sho.vljjf;  reaintg,)ice  to  nist.    The  list  of 
varieties  ahowint^  relative  susceptibility  should  be  of  us-;igta)ioe  here. 

5.  Keep  water  off  snapira-ijoii  foli-  .:e.     I)i  v;tttcrinG»  wet  o>ily 
the  ?Joil.     If  nyri»i<iing  bcoonca  necey  jary,  'io  it  on  a  smuiy  inorning 
ao  that  the  foli.3£e  aIII  dry  of  quickly. 

6.  Keep  the  inaccta  dovni;  they  serve  to  apreud  the  rust.  But 
cyanide  mu'^t  be  used  carefully,  as  ennipdr j.,30)ia  are  easily  injured  by  it. 

7.  Oust  the  pla»its  with  finely  powdered  sulphur,  if  ruat 
appears,     if  only  a  few  isolated  lo- ves  arie  infected  remove  thera  by 
ha?id  picking.     Apply  the  sjulphur  with  a  good  bellovTs  that  will  tiirow 
clouds  of  dust.    Keep  the  teraperature  up  for  a  few  ni^Jits.  (For 
more  detoil  on  i?ulphuring,  see  the  ai-ticle  by  nr.   0.  li,  Butler,  1917). 

B.  If  sprayinf  in  to  be  done,  remeraber  Bordeaux  mixture  i^  of 
no  use.        solution  of  cuisrsrarnoniuin  sulphate  containing  .0625/2  salt 
v/ill  control  the  fu»i{ru3,    iiut  because  of  its  toxic  effect  on  the 
foli-^ize,  it  can  be  ufsed  with  safety  only  whejj  the  sprayed  foliage 
will  dry  off  v/ithin  one  hour. 

5.     If  rust  apprars,  run  the  |jeraperature  up  to  60  degrees  V. 
?t  ni^ht  for  a  few  nights,  till  the  ruHt  has  been  placed  under  con- 
trol of  sulphuring  or  hand-picking,     .'leraeiaber  50  degrees  i'.  is  the 
tcraper-jture  moot  favorable  to  the  funf.;u3. 


VIII.  aUKJAAllY 

Fuccltiia  antirrhiitl  Diet  &  Holw.ia  knowii  to  oocur  only  o>i 
Antirrhi)iujii  maj  U8 . 

Hu^t  is  tlie  no9t  serious  disease  of  snapdraKons  under  glaoH,  and 
iq  second  in  Iraportince  to  gjjthrocnooc  on  Jinapiraf^ong  out  of  doors. 

The  urediniosporeg  n^rwi't^te  moderr.'tely  well  'vit'n  an  opt.inura 
terrrperature  of  lOOC;  the  toliospores  have  not  beeji  oeminated. 

Dry  urediniosporea  do  not  retaiti  the  vo^er  of  genai)iation  more 
than  6ix  weeks. 

No  varieties  of  gnapdr-^^Kon  sie  almlutely  resistant  to  the 
parasite,  but  sorae  are  rely  t,ively  resistant.    The  varieta.1  resistance 
is  dependent  on  the  r- lative  nunoer  of  atoniata  per  unit  urea  of  Ic  jf 
surface. 

The  urediniospores  are  dis-feiaijiited  by  cuttin^jts,  insects,  water, 
and  wind. 

solution  of  Oor^per  sulphate  is  toxic  to  the  ure  iiniospores  of 
Lf.  s-"tirrhini . 

A  solution  of  .25/i  oupramraouiura  sulphate  is  toxic  to  the  uredinio^ 
spores  of        anti  rhini. 

Bordeaux  mixture  is  not  toxic  to  the  urediniosporea  of  Yj^  aiitirrhini . 

The  30 2  generated  by  dry  sulphur  at  a  temperature  of  21®C.i8 
toxic  to  the  uredijiiospores  of        q.titirrhini . 

The  method  of  control  reconmended  consists  in  ero./int"  resistant 
varieties,  controlling  cultural  conditiotis  c-j.refull>»  dustinj  with 
powdered  sulphur  -j^t  a  te^nper'^.tu^e  of  70*)?.,  and  keepint;  the  night 
teraperature  of  the  snapdra^  on  house  above  52°?.  or  belov;  4&°jP, 


Plate  I 

Figures  1  i  2.  Infected  Leaves 
Fif^ure  3.     Infected  I  lint. 


Plate  2. 

Figure  1.     Cross  Section  of  Teliura 
Figure  2.     Types  of  Teliosporea 

Fieure  3,  a,  b,  d,  etc.  Gera  Tube  entering  Stoma 

Figure  4.  Haustoria 

Figure  5.     Cross  Section  of  Uredluium 
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